The power insulated gate bipolar transistor (IGBT) is used in many types of applications. Although the use of the power IGBT has been well characterized for many continuous operation power electronics applications, little published information is available regarding the performance of a given IGBT under pulsed power conditions. Additionally, component libraries in circuit simulation software packages have a finite number of IGBTs. This paper presents a process for characterizing the performance of a given power IGBT under pulsed power conditions. Specifically, signals up to 4.5 kV and 1 kA with approximately a 5 µs pulse width will be applied to a given IGBT. This process utilizes curve fitting techniques with collected data to determine values for a set of modeling parameters. These parameters are used in the Oziemkiewicz implementation of the Hefner model for the IGBT that is utilized in some circuit simulation software packages [1, 2] . After the nominal parameter values are determined, they can be inserted into the Oziemkiewicz implementation to simulate a given IGBT.
I. I TRODUCTIO
Insulated-gate bipolar transistors (IGBTs) are commonly used as switches in many power electronics applications. Their use as switches has also been transferred into compact, solid-state, pulsed-power applications. While other semiconductor switches can be used at high switching frequencies, the IGBT is typically used in applications where high voltage and high current are more important than a high switching frequency.
Continuous and switch-mode applications allow the blocking voltage and high impedance gate input of these devices, they have become a popular choice for use in * Work supported by Los Alamos National Laboratory. ξ Email: KovaleskiS@missouri.edu applications such as automotive ignitions [4] . Additionally, the IGBT has been used successfully in motor drivers, uninterruptible power supplies, and power inverters [5, 6] .
While the continuous and switch-mode applications are common for the IGBT, pulsed power applications have a few significant differences. Pulsed power applications typically have shorter pulse widths and lower duty factors than do switch mode applications. Also, higher peak currents are seen in pulsed power applications. The IGBT is capable of being used in the pulsed power setting where these conditions are present. Their use in repetitive pulsed power modulators has been shown numerous times [7, 8] .
IGBT models allow for accurate and efficient circuit simulations. This prevents the designer from having to use alternative semiconductor switches to approximate the circuit behavior.
Though many IGBT models are provided in circuit simulation packages, many of them are for low-voltage, low-current power electronics applications. This paper will focus on data being collected to be used for creating a model for pulsed power applications.
II. MODELI G THEORY
Dr. Allen Hefner at the National Institute of Standards and Technology has created a model for the IGBT that is based upon the phenomenological circuit equivalent within a stack of the IGBT [1, 9] . The equivalent circuit can be seen in Figure 1 . This circuit was implemented by Gregory Oziemkiewicz to create an IGBT model that is currently used in many circuit simulation software packages [1] . Though Hefner used the anode/cathode nomenclature and Oziemkiewicz used the drain/source nomenclature, this paper will use the collector/emitter terminology to describe their respective terminals on the device [1, 9, 10] .
The Oziemkiewicz implementation of the Hefner model utilizes seventeen parameters from the circuit equivalent that are listed in Table 1 . Each manufactured IGBT should have a different set of nominal values for these parameters based upon how it was manufactured and the ratings of the device. By collecting test data on a given IGBT, these parameters can be determined experimentally. Testing the devices under pulsed power conditions, the parameters yielded for a specific device will allow for an IGBT model that is specifically for pulsed power applications.
III. IGBT TEST CIRCUIT
To determine the unknown parameters of the IGBT for modeling, a test circuit is needed to gather experimental data on the device. The IGBT test circuit that has been constructed at the University of Missouri is shown in Figure 2 . A DC power supply charges a 30 µF capacitor. When the IGBT closes, the capacitor discharges through a 15 Ω resistive load. DC input voltages of up to 3.5 kV are applied to the circuit. A 2 MΩ bleed resistor is in parallel with the capacitor to dissipate any excess charge that remains in the capacitor after the IGBT is triggered.
A signal generator is used to trigger the gate drive circuitry that is capable of sending up to a 30 V pulse to the gate of the capacitor. This gate drive circuitry is connected from the gate to the emitter of the IGBT via a 2 mΩ emitter-feedback resistor. This emitter-feedback resistor is to limit the peak current through the circuit in the event of a fault. Additionally, there is a Pearson coil on the ground side of the input capacitor. This allows for the collector current to be measured.
Because this is a first generation printed circuit board, stray inductance is present. To prevent voltage reversals due to this inductance and damage to the IGBT, an antiparallel diode has been place in the circuit with the IGBT. Voltage transients could also cause difficulty measuring the collector-emitter voltage. Thus, a snubber has been placed in parallel with the IGBT. The snubber consists of a 1 kΩ resistor in parallel with a diode where the parallel combination of the two is in series with a 25 nF capacitor.
IV. RESULTS
Several pulsed shots were taken on the Powerex QIS4506001 IGBT at up to 3.5 kV with pulse widths up to 10 µs. Sample traces for a 1.5 kV, 10 µs can be seen in Figure 3 . This is for approximately a 24 V gate-emitter voltage. However, due to nonlinear capacitance in the gate of the IGBT, the signal loses its square shape when connected to the gate of the IGBT. The gate voltage and current can be seen in Figure 3 (a) , while the collectoremitter voltage and current can be seen in Figure 3 (b) . Finally, the instantaneous power consumption of the IGBT can be seen in Figure 3 (c) . 
Figure 2. IGBT Test Circuit
As shown in Figure 3 (a) , the gate current increased to approximately 0.5 A when the device turns on. However, at turn-off, there was significant overshoot as the current dropped to zero. This was likely due to the stray inductance of the first-generation printed circuit board traces and the leads that connect the gate driving circuitry to the IGBT test circuit.
The collector-emitter voltage can be seen in Figure 3 (b) holding off 1.5 kV when the device is in the off state. As the device turned on, the voltage dropped as the current through the device increased. The current reached a steady value of approximately 100 A during the time the IGBT was on. Again, at turn-off, stray inductance appears to have caused significant overshoot of the collector current. Figure 3 (c) shows the instantaneous power consumption of the IGBT reaching peaks during turn-on and turn-off of the device. This is due to the voltage dropping to its on-state value and the current rising to accommodate the load current. These peaks reach approximately 37 kW at turn-on and -30 kW at turn-off. The overshoot in the collector current accounts for the negative instantaneous power at turn-off.
V. CO CLUSIO S
An IGBT test circuit has been constructed at the University of Missouri and is being used to collect data on the Powerex QIS4506001 IGBT. Signals of up to 3.5 kV with 10 µs pulse widths have been tested. This data will allow for the determination of the parameters for the Oziemkiewicz implementation of the Hefner model. The determination of these parameters will be conducted during future analysis using a particle swarm curve fitting technique [11] . This process should allow for IGBTs to be simulated under pulsed power conditions. 
VI. REFERE CES
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